In this article, we report a novel real-time PCR-based analytical method for quantitation of the GM maize event LY038. We designed LY038-specific and maize endogenous reference DNA-specific PCR amplifications. After confirming the specificity and linearity of the LY038-specific PCR amplification, we determined the conversion factor required to calculate the weight-based content of GM organism (GMO) in a multilaboratory evaluation. Finally, in order to validate the developed method, an interlaboratory collaborative trial according to the internationally harmonized guidelines was performed with blind DNA samples containing LY038 at the mixing levels of 0, 0.5, 1.0, 5.0 and 10.0 .
Introduction
The production of GM crops has rapidly increased throughout the world 1) , and large amounts of GM crops and their products have been imported into Japan. A system for enforcing the safety assessment of GM foods in Japan was introduced in 2001, and only authorized GM organisms (GMOs) have been allowed to be commercialized 2) . However, the utilization of GM foods remains controversial among general consumers, and a food labeling system for GMOs was also implemented in 2001 under the Act on Standardization and Proper Labeling of Agricultural and Forestry Products (The Japanese Agricultural Standards Law) and the Food Sanitation Act in order to expand the range of consumer s choices. Under the system, non-GM labeling has been permitted for non-GM farm products produced and distributed with identity preserved (IP) handling. Up to 5 unin-tentional commingling of approved GM events is allowed under IP handling. Therefore, quantitative analyses are required to monitor the validity of the food labeling. In Japan, there are two standard protocols for GMO testing, Japanese Agricultural Standard (JAS) analytical test handbook 1 and Testing for Foods Produced by Recombinant DNA Techniques 2 issued by the Food and Agricultural Materials Inspection Center (Saitama, Japan) and the Ministry of Health, Labour, and Welfare of Japan, respectively. These testing protocols include a series of quantitation methods for approved GM events, 1 and they have been widely used not only for administrative monitoring of the labeling system, but also for the quality control of food materials along the pathway of commercial distribution.
Recently, LY038 maize was approved for use for food, feed, and cultivation in Japan. LY038 maize was developed to express the cordapA gene from Corynebacterium glutamicum (Fig. 1 ). This gene encodes lysine-insensitive dihydropicolinate synthase (cDHDPS), a regulatory enzyme in the lysine biosynthetic pathway. The activity of the native maize DHDPS is regulated by lysine feedback inhibition. Since the cDHDPS enzyme is less sensitive to lysine feedback inhibition, its expression in maize LY038 results in elevated levels of free lysine in the grain when compared to conventional maize. The expression of the cordapA gene is under the control of the promoter of maize globulin 1 gene (Glb1 pro.), the intron region of rice actin promoter (rAct int.) and the transit peptide of maize DHDPS (mDHDPS TP), resulting in the accumulation of lysine in the grain 3 .
In this study, to update the currently used standard testing protocols, we developed a new event-specific quantitative PCR method for LY038 maize, and then evaluated the method by means of an interlaboratory collaborative trial.
Materials and Methods

Materials
We used the following representative GM maize events: Bt11, DAS-59122-7, Event176, GA21, LY038, MIR604, MON810, MON863, MON88017, NK603, TC1507, and T25. The representative GM soy events were as follows: A2704-12, A5547-127, MON89788 and 40-3-2 (Roundup Ready Soybean; RRS). F1 generation seeds or the ground materials of Bt11, Event176, GA21 and MIR604 were kindly provided by Syngenta Seeds All dry seeds were ground in a Pulverisette 14 variablespeed rotor mill (Fritsch, Idar-Oberstein, Germany). The purity of each sample was confirmed by use of the realtime PCR array analyses reported previously 3) .
DNA extraction method
In this study, DNA extraction was carried out using the DNeasy Plant Maxi Kit (Qiagen, Hilden, Germany)
as described in the JAS analytical test handbook * 1 .
The DNA concentration of solutions was determined by measuring UV absorption at 260 nm. All DNA extracts were diluted at a concentration of 20 ng/μl and then used for the subsequent PCR analyses. The DNA solution was stored below 20 until use.
Preparation of calibration plasmid
DNA fragments specific for LY038 and maize endogenous starch synthase IIb gene (SSIIb) were artificially synthesized and inserted into pUC57 vector. We named this plasmid pLY038. The target sequences for PCR were confirmed by nucleotide sequence analyses. The plasmids were purified by cesium chloride/ethidium bromide equilibrium centrifugation 4) and then diluted with 5 ng/μL ColE1 DNA solution (Nippon Gene, Tokyo, Japan) to 20, 125, 1500, 20,000, and 250,000 copies per 2.5 μL.
Real-time PCR analysis
For LY038-specific PCR, the previously reported primers and probe 4 were adopted in this study: LY038 primer AF, 5 ′ -TGGGTTCAGTCTGCGAATGTT-3 ′ ; LY038 primer AR, 5 ′ -AGGAATTCGATATCAAGCTTATCGA-3 ′ ; and LY038 probe AP, 5 ′ -CGAGCGGAGTTTATGGGTCGACGG-3 ′ . This primer and probe set was designed in the 5 ′ junction region of the recombinant DNA construct of LY038 5 (Fig. 1) :
For the taxon-specific PCR for relative quantitation, we selected the SSIIb3 system: SSIIb 3-5 ′ primer,
system has been confirmed to be stably amplified from maize varieties 5), 6) . The oligonucleotide primers and probes were synthesized by Fasmac (Atsugi, Japan) and Life Technologies (Carlsbad, CA, U.S.A.), respectively.
The oligonucleotide probes were labeled with 6-carboxy- 4 Event-specific method for the quantification of maize line 0.5 μM primer pairs and 0.2 μM probe. The thermal cycling conditions were 2 min at 50 , 10 min at 95 and then 45 cycles of 15 sec at 95 and 1 min at 60 in the 9600 emulation mode. Real-time PCR was conducted on a reaction plate in triplicate for each of the following template DNAs: the ColE1 DNA solution as no-template control, calibration plasmids, and unknown DNA samples. Calibration lines were obtained with calibration plasmids as described previously 7) , and the copy number of each unknown sample was calculated based on the determined calibration line. The Cf value was defined as (copy number of GM-specific DNA from genuine GM seeds)/(copy number of taxon-specific DNA from genuine GM seeds) 6)-8) . The Cf value for our LY038 quantitation method was determined by multilaboratory evaluation as described below. Finally, the LY038 content was calculated based on the following equation: (the copy number of LY038-specific sequence from the sample)/(the copy number of the SSIIb sequence from the sample) 1/ Cf 100 6)- 8) .
Cf value determination by multilaboratory evaluation
The genomic DNA was extracted from genuine LY038, and the copy numbers of the LY038-specific and the SSIIb sequences were measured by 13 laboratories using the 7900HT and 4 laboratories using the 7500 instrument. All measurements were performed twice and both Cf values were obtained in each laboratory. All laboratories results were evaluated to remove outlier laboratories with extreme variation using Cochran s test (p 0.025) 9) and with extreme average level using Grubbs test (p 0.025), 10)-12) as previously described 6) .
After removal of one outlying laboratory, the Cf value for each real-time PCR instrument was separately determined as the mean of all the obtained values.
Interlaboratory collaborative trial for method validation
An interlaboratory collaborative trial was conducted as a blind test according to the internationally harmonized guidelines 13), 14) . The same laboratories that had performed Cf value determination participated in this collaborative study. For the blind sample, five mixing levels of DNA samples containing 0, 0.5, 1.0, 5.0, and 10.0 of LY038 in a non-GM maize DNA sample were used. For the 0 , 5.0 , and 10.0 samples, the authentic LY038 and non-GM maize flours were mixed on a weight-to-weight basis on a 1-g scale and subjected to DNA extraction. Meanwhile, 0.5 and 1.0 samples were prepared on a 10-g scale and divided into 10 test tubes of 1 g samples after vigorous mixing. Then the DNA extracts were prepared from these divided samples. To confirm homogeneity among the 10 divided sam-ples, all the DNA extracts were analyzed based on the developed LY038 quantitation method and the results were subjected to statistical analysis as described in previous reports 6), 8) . The p values from one-way analysis of variance were 0.99 and 0.14 for the 0.5 and 1.0 samples, respectively. Therefore, we concluded that the prepared 0.5 and 1.0 samples were sufficiently homogenous and adequate for method validation. Blind samples that were designed as blind duplicates of the maize genomic DNAs with five concentrations of LY038 were sent to the participants. All participants were requested to submit the data from the real-time PCR analyses. All submitted data were analyzed by Cochran s test 9) and by Grubbs test 10)-12) as described in the guidelines 13) , 14) .
Results and Discussion
Specificity of PCR amplification
In this study, we designed an LY038-specific quantitation method based on the same strategy adopted in the previous reports 6)-8), 15), 16) and the currently used standard testing methods in Japan * 1, * 2 . First we evaluated the specificity of the PCR amplification. LY038-specific real-time PCR was performed as described above with DNA templates from GM and non-GM materials as follows: LY038, Bt11, DAS-59122-7, Event176, GA21, MIR604, MON810, MON863, MON88017, NK603, TC1507, T25, A2704-12, A5547-127, MON89788, RRS, non-GM maize, non-GM soybean, non-GM wheat, non-GM barley and non-GM rice. Only the LY038 DNA gave the expected amplification curves, as shown in Fig. 2 , and the other samples did not.
Linearity of PCR amplification
The amplification curves for LY038 and SSIIb were obtained with the pLY038 plasmids diluted to a concentration ranging from 20 to 250,000 copies per reaction ceeded the lower limit of acceptability (R 2 ≥ 0.990) 6) . The slopes expressing amplification efficiencies were 3.39 and 3.46 for LY038 and SSIIb, respectively. PCR efficiency was calculated as PCR efficiency 10 ( 1/slope) 6) and the maximum value of PCR efficiency in each cycle is 2.00. In this study, the calculated values of PCR efficiency were 1.97 and 1.95 for LY038 and SSIIb, respectively: close enough to 2.00 to suggest that theoretical PCR amplification was achieved in both PCR systems.
Determination of Cf value for LY038-specific quantitative method
The Japanese quantitation method requires the Cf value for converting the ratio of recombinant DNA copies and taxon-specific DNA copies into weight-based GMO content. Because Cf values may directly affect the GMO content as bias, Cf values are generally determined in multilaboratory evaluations [6] [7] [8] , 15), 16) . We determined the Cf value in the same way, organizing a multilaboratory trial as described in the Materials and Methods section. Extracted DNA from genuine LY038 seeds was provided to the participating laboratories. The copy numbers of LY038 and SSIIb were measured and the Cf value was determined as the ratio of these values according to the definition of Cf value. All laboratories results were subjected to analysis that removed outlier laboratories with extreme variations using Cochran s test (p 0.025) and those with an extreme average level using Grubbs test (p 0.025). One laboratory using 7900HT was removed as an outlier by Cochran s test. Then the Cf value was calculated as the mean value of the remaining laboratories data ( Table 1 ). The Cf values rounded to 2 decimal places for the 7900HT and 7500 were 0.40 and 0.38, respectively, and thus were close to each other. We used these Cf values in the following quantitation.
Interlaboratory collaborative trial for method validation
For validation of the LY038 quantitation method, an interlaboratory collaborative trial was designed according to the internationally harmonized guidelines 13), 14) . In this study, we used DNA solution-based blind samples as reported previously 6), 15), 17) . For GMO quantification, the analytical procedures comprised two steps, that is, DNA extraction from samples and real-time PCR measurements. A previous study showed that the RSDr and RSDr values in interlaboratory study are mainly attribu ted to the principle of quantitative GMO detection with real-time PCR, which is based on the relative quantification 6) . Another report suggested that the dispersion of Ct values in real-time PCR was due to the PCR step, and that the variability introduced by the DNA extraction step was negligibly small 18) . Therefore, we considered that it should be possible to validate the GMO quantitation method by evaluating the precision performance of the real-time PCR step using DNA solution-based blind samples.
All participants received the blind DNA samples, consisting of five different concentrations of LY038 (0, 0.5, 1.0, 5.0, and 10.0 ), and measurements were performed twice. All the submitted results were acceptable in terms of DNA amplification. For the blank sample, i.e. 0 of LY038, no LY038-specific DNA amplification was observed, as expected. In the previous studies, the copy numbers of GM event-specific sequence in several samples were below 20 copies, which is the lowest copy number of calibrant plasmid, and the calibration line had to be extrapolated 6), 8) . In this study, however, all the measured copy numbers were over 20 copies, and extrapolation of calibration line was not necessary. All the data on LY038 content were subjected to the removal of outlier laboratories having extreme variation by using Cochran s test (p 0.025) and those having an extreme average level by using Grubbs test (p 0.025). No outlier was found in the submitted data. We then statistically analyzed all the submitted data. To express the trueness and precision of the method, the mean, bias (mean-true value, ), repeatability RSD (RSDr), and reproducibility RSD (RSDr) were calculated; they are shown in Table   2 6), 8) . The determined bias, RSDr, and RSDr ranged from 23.0 to 33.6 , from 3.0 to 11.6 , and from 6.4 to 14.9 , respectively. These values fell into ranges similar to those in previous reports 6), 8) . In the international standard regarding GMO quantitation, ISO 24276 6 , the limit of quantitation (LOQ) was defined as the lowest level of analyte that was observed to have a RSD of reproducibility of 25 or less. Therefore, we determined that the LOQ of our LY038 quantitation method was 0.5 . The trueness, precision and LOQ of the method were at the same levels as those of the previously established Japanese standard methods 6), 8) . We concluded that the developed method had been successfully validated. The vali-dation for the 7900HT instrument completely complied with the harmonized validation protocols. The method validation for the 7500 instrument was categorized as multi laboratory validation according to the number of participating laboratories 19) .
In conclusion, we developed and evaluated a real-time PCR-based quantification method for GM maize LY038. It is expected to be applicable for the quantification of LY038 to ensure the appropriateness of food labeling. 
